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ABSTRACT 



The excitation curves for the emission of neutrcns and gamma 
rays from the disintegration by protons of the in 62 $ enriched KCN 
were investigated. The threshold for neutron emission was observed at 
3.25g Mev + 1$ and a resonance was obtained at 11 . OU Mev + 1$ with a 
width et half resonance of 4^ + 20 Kev. Definite indications of a sec- 
ond resonance wore-. obtained at 11.21 Kev + The neutrons fron 

were shown to come from the C 13 (p,n)S 13 reaction. No resonances were 
obtained for gamma ray emission fron C^. 

The threshold of the excitation curve of a thick, pure car- 
bon target was obtained at 3*2.6 Mev + 1$. There was no activity o? 
any kind induced in tantalum with protons of energies up to 3 * 9 ^ Kev + 
1 %. Potassium metal and unenriched KCN gave no evidence of any reao- 
tion to protons. 
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INTRODUCTION 

Crane find Lauriteen obssrved neutrons from the bombardment 
of ordinary carbon with deuterons in 1935 (Or 35) » an d since then 
considerable information has been amassed regarding the levels of 

/ l4\* 

(N ) from the reaction, 

C 12 ♦ d ►(N lli ) ► N 1 ^ + n ♦ ^ . 

In 19 36 » Bonner and Brubaker reported a value of -0.37 Mev ? or 
this reaction (Bon 37)* subsequently recalculated by Bonner as 
-O.25 +O.03 Mev (Bon 38) . In 1947, Bennett and Richards found the 
threshold ^ * -O.27 +0.02 Mev (Ben 47). 

Bonner and Hudspeth, at the Rice Institute, discovered 
resonances for neutron emission at O.92, 1.13* and I.30 Mev (Bon 40a) . 
The Rice group, in later investigations, corrected and amplified this 

l4\ + 

information, giving resonances for neutron emission from (N ) at 
O.92, 1.16, 1.30, 1.7b, and 1.82 Mev (Bon 40b) , (Ben 4l) . Bailey, 
Phillips, and Williams verified these levels (Bai 42). The informa- 
tion regarding these excited levels has been summarized by Hornyak 
and Lauritsen (Ho 48) . Bailey et al. , in a more recent investigation, 
were unable to confirm the existence of the resonance at 1.15 Mev 
(Bai 48). 

The level values given by Hornyak and Lauritsen were re- 



- 1 - 



• . , 

’ . ' . 







It' 






f 0 


< 


ll fife + • 


t, *1 ) 



•AWnrPo . * 



. - r* ( M ,'i 

■ -* ' • , l: f 

• ' •' • * < , « , • <i , — ' . • ' . ' _ 

. . j . - f •% ■ ; 

, 4 . * • * ' • •* 1 , < 

* . • «... 4 . 1 *1 

« * ' : i 1 - 0 • — - • , • * • • ' .» > *nf: 

. 

•• \ ’* 1 * , *xii; 

, * • v r « v ’• *»• to . ■ , . , . i , 

- ' o • '■ • . . ‘ •' ' •• I ,1 ' •». \ . - ' ' . - , . * .1 I <*1 

T - »!• • - . .»• . • • r it 

’* r ' o 1 * o . ' , . . * • - a 

*- I.J t. • *v •* r ‘ 'u* * i « -rf •+ 4 r t 

. *4 irt) 

-*1 * ■> • Owf ’ s- "t i • ‘ , 



•I 



calculated using the new value for the mass of the neutron * I.OOS9S amu 
(Ev 48), the Cornell University group mass values (Cor 47), and Bonner's 
valuos for the deutoron energies for resonances for neutron emission of 
O.92, l.l6, and I.30 Hev, giving *) levels at 11.05, 11.24, and 
11.35 “®v. Since the level values of 11. 05, 11. 2&, and 11.37 Mev given 
in Hornyuk's and Lauritsen's suruieay were average values, the latter 
values were used for comparison purposes. 

It is generally accepted that the energy levels of a nucleus 
are the sane, regardless of the process by which the nuclide is formed, 
provided selection rules do not prohibit transitions to such levels 
(Br 36), (Bet 37), (Eet 47). 

Early investigations of another reaction yielding the same 
compound nucleus, 

C 1 ? + p *.(* 11 *) + n + ^ , 

were confined to measurement of the threshold 0^ value reported as 
-2.97 + 0*03 Mev V Haxby et_ al. (Hax 40a,b). In 1950* Richards and 
Smith reported the threshold as 3*236 Mev +0.1$ (Ri 50) , using the 
Herb evaluation of the Li^(p,n)Bc^ threshold of 1.882 Mev + 0.1$ as a 
standard (He 43). She corrected threshold value gave ® -2.9^7 + 

0 . 1 $. 

The recent installation of a positive-ion source in the 1-5 
Mev Rockefeller Generator has made possible the extension of nuclear 
studies to higher voltages than have been possible with most electro- 
static machines. At the suggestion, and with the assistance, of 
Professor W.W. Buechner, the C^(p,n)N ^ J reaction has been studied. 
Information regarding the energy levels of (H^ )*obbteined from the 






J 



* 1 1 * 



s + ’ r 


*• V *4 


M 3 


' 7. •*■•'. 




, r ) 


«♦ TT- «|| 




. ' T * 


\ ’ ' , 


nm v 


•i 


• l •'* 


• •• - • • .i; 


' 1 




» ' j. ' t1 


« 


7 '■ \f 


■ ■ 1 •*-*'(# 1 M y 



'JN 4 

♦ 






* •, . 

+ ,,, t 

• I 

« ' i>' ■ , ■; 0 ) 

■ ■ . < irt 



v T ' C . «uJ < 1 






'* . 

. 

■' • „ . ’ 



“ -j . 4 • *• * - 1 ' V' • - 

- * * - W ■ < ’1 ‘ . « 

* * , ■" t. • t 1 

’ • . • f *, . - 






***» + # r # 4 






U* '• T. *1*1 . , * . <* « • *. 

i* !»' ■' • . * 

*« «* r -*' • ■ 

■* ' ** J ' ■ *- «- ‘l(w, ' r - »n > 

' - - - * — \ ' r % , A . 



1 • ft <v 

'* K ‘ ■ 



i <t n* 



. i i< 



• «>t 



•S' 



o l 3< P,n )& reaction allows a direct comparison with the levels of 
o^V from the (d,n)N^ reaction. 

Tho companion Ganna ray reaction, 

0 15 + t ►* (N llk ) * tf 1 ** + ♦ 0 , 

with a Tftlue of 7*5^ Her (Ho 4S) , vac aleo studied to obtain ad- 
ditional information regarding the levels of (S^) . Previous experi- 
mentation had shown that a resonance level for gwu.ma ray emission oc- 
curred at a proton energy of 55^*0 i 2 Xev (Ro J3) , (Cu 39) > (To 49). 

Tan Patter recently discovered another level for the same reaction 
with a proton energy of 1.697 + C.012 Mev (Va 49). 

Calibration cf the generator was required to give an accurate- 
ly known proton energy. Enriched carbon was obtained in the form of 
potassium cyanide (KCN, 60-62$ ') . Tantalum, potassium, and unenriched 

KC35 were also studied in order to ascertain the extraneous effects, if 
any, introduced by nuclides other than To corroborate the reaction, 

the production of ( 7^y,, c 9*93 £ 0.03 min. (Va 39)) was observed by 
means of the annihilation radiation which accompanies its positron decay. 
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apparatus 



The Detecting Circuit 

The detoeting equipment was eaoablo of determining both 
neutron and gamma ray yields, singly and combined in simple tnA de- 
layed coincidence measurements. 

A snail, cathode-follower prcnmplif ier (fig. A-l) vae con- 
structed in order that the output signal fron the enriched V.¥ 7 pro- 
portional counter could be transmitted a considerable distance along 
the deliqrline, without distortion end with a minimum of attenuation 
of the output signal. 

An Investigation of the available delay line revealed that 
type RO65U was satisfactory for fast delay circuits because of its 
inherent time delay of O.OUpytA seconds per foot. Moreover, its high 
input isree dance of 1000 ohms was desirable (Bla U9) . The selection 
of RG65U dictated the use of a 1000 oho resistor in the cathode-fol- 
lower of the premplifier and an equivalent 1000 ohm Input resistance 
in the amplifier. The RC equivalent circuit of the delay line served 
at a differentiating circuit. The literature indicated W.G. Elmore's 
fast amplifier (El 49 a »*) was nearly ideal for the amplifier (Fig. >— 3). 
The original Elmore circuit was used in the first four stages but a 
sli^it modification in the LC shunt and series peaking circuits of the 
fifth stage was reouired in order to drive a negative signal into the 









*>. MQ 

, ' 




- * . . - . • . » . m% 

* ^ ^ • ♦ 4 *M I filar « ft- — ff /'* ifiH 



‘ ‘ '* ' ' *■ - * ' * " * - * ■ . ./kJl* 

•*» t| • **fgl M lkt»l «J ••« i % M 

~+J- 



- W 



<nn 



coincidence circuit ( Pi*. A-U) . In addition, the final stage was 
modified so that a signal might bo relayed to a scaling circuit for 
single channel counting, without affecting the output to the coinci- 
dence circuit. 

To obtain coincidences, a conventional Rossi coincidence 
circuit was constructed (Kc b 6 ) , modified so tho plate load of the 
input tubos whs a single length of RO 65 U delay lino. Both tubes of 
the coincidence circuit were conducting unless a signal from one of 
the preceding Elmore amplifiers was capable of cutting off a tube. 

The signal from the plate circuit (fig. A-b) of a coincidence tube 
was impressed upon tho grid of a discriminator tube biased so only 
simultaneous (+_ 0.0b2 seconds) cutting off of both coincidence tubes 
caused an In ut signal (to the discriminating tube) to exceed the 
negative bins voltage (- 9.0 volts) , which in turn allowed the dis- 
criminating tube to fire. Tho negative signal of the discriminating 
tube was led into the amplifier half of a 12AT7 twin triode tube and 
then into the cathode- follower half of the same tube, which drove the 
coincidence scaler. 

The gamma ray apparatus preceding the coincidence circuit 
wae identical to that of the neutron circuit except that a 5^19 RCA 
photomultiplier with attached anthracene crystal was used as a scin- 
tillation counter (Pig. A-2) . A conventional photomultiplier stage 
with 1200 volt lnAtt and 79 ▼©!* potential between dynodes was xised. 
This stage led directly t<,) tho preamplifier. 

Figure A — 5 is the complete block diagram of the electronic 

equipment. 

Extensive uao of by-pass condensers, germanium rectifiers, 
and ap ’roved construction techniques involving short shielded lends 
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produoed duplicate basic circuit* having inherent ripe tines of 
< 0.05 yMWCond*. Moreover, the prerj* llfler* and eaaliflert were 
capabls of a fain of 75°» while the out ut of the coincidence 

circuit (discriminating tube end driving twin triode Included) gave 
an over-nil guin of about one-third. 

X Golfer- uellcr tube wa* used for the detection of gaiana 
ray* when the fa*t neutron counting rat* of the scintillation count- 
er va* considered ay reciubiu. 

The construction and testing of the above eqalucent was a 
joint project initiated and coapletoii by *.J). Baker, J.S. Kovell, and 
the author, and a complete description of the tt-.pr.mtus, together with 
operational curve c, circuit analysis, and other data hive been present- 
ed in the thesis by Baker and Howell (Ba . 

fhe I'QCitefftller Generator 

This machine has been modified to provide proton* and deu- 
terons of energies varying from about 1-5 Kev no bombarding particle# 
for nuclear reactions. The bean 1» vertically accelerated through on. 

S foot tube into n deflection chacbor, where it in bent to a horizon- 
tal direction by an analyzing engnet. Energy control of the nuclear 
missiles is rrovltled by manual control efithe magnet current, adjust- 
ment of the entrance and exit elita fives energy resolution of about 
C.li. In the near future, a proton resonance magnetic circuit will 
be available (Had 49), (EL® 46a, b) , (Pa 48) . Corona current provides 
voltage control by varying the spray current. The particle energy ie 
expressed in terms of the generating voltmeter readings. Beam current 
any be re & directly from the target by means of a sensitive micro- 
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■icroaracter, or can be integrated und recorded directly In nicro- 
couloxbs by an electronic beam current integrator, both stationary 
and rotating targets any be used. From visual observation, at the 
target, the bean has a cross section of approximately ~ am x 4 sun. 

It should be noted that at the present tine (May 195O) * dependable 
operation of the Rockefeller Generator has not been attained for 
proton energies greater than 3*9^ Fer. 

One calibration point was provided by the 
1.1* 4 p — »(le 8 ) ' m Be 7 n + a 

reaction with a threshold of 1.882 Ver (He U9) for a generating volt- 
meter setting of U0.5 (VI 50). Using the sane nucloar reaction but 
with singly ionised nolocular hydrogen as a bombarding particle, 

Li 7 4 H + *(B#V 4 H 1 ►Be 7 4 n + K 1 4 

(i.e., passing the mass "two" bean of hydrogen ions through the wass 
"one" slits), n generating voltmeter roading of 52,0 for the 3*7^ 
threshold was obtained. 

Another calibration point was obtained when preliminary in- 
i'? 

vestigations using a potassium cyanide target with enriched C showed 
that the 3» ? 3^ Kev threshold of tho 

C 1 ^ 4 p — ► (H 1 . ► 4 n (Ri 50) 

reaction occurred at a voltmeter setting of 10. S. (This experiment 
will be described in Chapter IV,) 

The calibration curve (Fig. II-l) obtained from these three 
points was of sufficient accuracy to allow energy readings to the limit 
of the actual generating voltmeter (i.e., ♦ 10 Kev) . The generating 
voltmeter readings were read with a 100 m ampere, five inch, one hun- 
dred graduation, fan type, 1 accurate microaameter. An operator 
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reading this aster could maintain projectile energies within a + 10 
Kev reading, since the oilihration of the microrumioter was approxi- 
oately Uj Xev ver graduation. 

TABI.lt 1 1-1 

TAP-G :r LO CAT ICW OK THE ROCKJSFMJJCR GmRATOR 



Distance 


O 

J 


concrete floor 


102 cm. 




* 


rt 


wooden roof 


1S4 ca. 




« 


ft 


overhead steel I-beam 


1^7 cm. 




If 


N 


right vail (concrete) 


?37 ow» 


(looking into the beam) 


* 


U 


front wall (concrete) 


365 can. 




ft 


ft 


magnet 


74 ca. 
103 cm. 


stationary target 
rotating target 



Electronic reeordii ur, equipment on the left of the target, at an average 
distance of approximately 125 cm. from the target, was the bachgroxmd 
determining factor rather than the left vail at a distance of approxi- 
mately 35 ^ cm. 

The Various Targets 

Kive different targets war® used during this experiment. The 
individual preparation of each target will he described in the section 
in Chapter IV pertaining to the actual experiment. The physical char- 
acteristics of the various targets are tabulated below for information. 
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TaDLX I 1-2 



TARO T DATA 



1. Pur# carbon - pressed and rolled graphite - station- ry typ# 



Obtained from Carbide and Carbon Company 

Total impurities loss than on# part in a alllion (Du 5®) 



2 . Tantalum metal - rotating typ# target 

sh##t tontaluc - regular finish annealed - select quality 
approximately O.JjO KG for sheet 0.010" x 3" 1 10" 



Obtained from B*®nsteel Metallurgical Corporation 
7HC Invoice *2I?J4K290 

3. Ordinary potassium cyanide - rotating typ# target 
assay minimum 95^ KCH 



target 




Chemical analysis of 7 April 1950 ( S P 5®) 5 



Ta 99. 9, $ 

y# 0 . 03 a (Maximum) 

C 0.0 3,S ( max latum) 



chi or id# ((Cl) 
ferrocyanide (y#(C’3)r) 
sulfate (SO.) 
sulfide (S) 
sodium (Ha) 
heavy natal e (Cu, Pb) 



0 . 75 /' 

0.22 

0 . 01 ^ 

0.003/5 



about 0.1^ 
about 0.001$ 



Obtained from Merck Company koUg? 



U. Potaeeiura metal - rotating type target 
technical grade 



6.91 ♦ 0.04$ (Hi 50) 
KZr 0.01119 ♦ .0001$ 

93.081 



f (Hi 50) 



Obtained from M&llinkrodt Chemical Works 



Accession #4576-i-H 
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5 . Enriched ey^nii 1 !# - rotating ty e target 



grams >CK (8 2.9*) 1.01 

gran* KCii (100 .83 

atom per cent C' 1 -' 6 2 

grans Cl3 excess 0.10 

Obtained from Eastman Kodak Company, Oft-2297-G, A— 295570 



The Various Detectors 



The neutron counter was tax enriched boron trifluoride pro- 
portional counter (Kk2 hod 25 ^951) manufactured by the Radiation 
Counter Laboratories. 
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3F^ OOUhTER DATA 



outside dlauoter 
wall thickness 
filling 

operating voltage 
center wire 
active volume length 



1 in. 

0.0U2 in, , brass 

55 cai. Lg of enriched H/,, 

2200 v. 

2 mil tungsten 
10 in. 



The counter was inserted in or.# of two paraffin cylinder a en- 
cased In cadmium similar in appearance and in physical dimensions to 
the paraffin cylinder of a conventional long countor (Han 47), except 
that no holes were provided in the fane of the paraffin as described 
in the reference. 
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JjI 1 3IC*? >T T.C ICi'O CO” ?’1S 



Cylinder A Cylinder B 



outer diameter 



18.0 cc. 



?0.0 cm. 



Inner diameter 



3.5 cm 



3.2 cn 



length at outer diameter 5**0 cn 



30 .K cr 



length of liner 

( i.C, inner disaster) 



51*0 c®. 49 «s c® 



(Cylinder B vae n right cylinder, except that the 
liner protruded beyond the cylinder base.) 



The scintillation counter was a RCA type photomulti- 



plier tube (RCA 49 ) with an anthracene crystal roughly thirteen 
ecuare centinotcre in aroa and approximately fifteen millimeters 

thick. 

The Golger-Pueller Counter was a 1B2J Thyrode Counter tube 
manufactured by the Vlctorear. Instrument Company (VI U») , 
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G.K. COimXH DATA 



cutaide diameter 



51/64 In. 



vail thicknOBE 




act ire volume length 



2.75 in- 

790 Y. 



operating voltage 



12 - 













r * miiuutmim mm 

. 4«l 
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Ts«t? of the individual circuits were 1 wie by parallelling 
the gride of the coincidence tuboe end disconnecting the circuit not 
in use (Fig. A-l») . The discriminator of the coincidence scaler was 
varied and the number of coincidences was recorded. 

A one eilllcurie Ra source was used with the scintillation 
counter circuit. A stable operating plateau from twenty to sixty on 
the discriminator resulted (Fig. II-?). Similarly, a 2l6 mg Po-Fe 
source was used with the neutron circuit and a stable operating pla- 
teau from twenty to sixty on the discriminator vas obtained (Fig. 

II— 3) . Consequently discriminator settings of forty were used through- 
out the experiment. 
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I 1 1 1 I I 

0 10 40 60 90 / 0 0 

Discrimi n*to r Setting 
Vo 1 1 4 ft Chirdcttn it ic of the 
Jcinti lldtion Counter Circuit \ 




Di^crimirmtor Setting 
Voltdye C hdrdcten'itic efthe 
Meutron Counter Circuit. 
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(scdlt of 6+i. Cpm. fjcai^ of 64) . 



CHAPTER III 



EXPERIMENTAL PROCEDURE 

In all cases, tho long counter wa3 placed at an angle of 
zero degrees from the noint of proton inpact upon the target, hut 
the ganna ray counter was placed at varying angles, in such a manner 
that there would ho no interference with tho long counter. 

The Rockefeller Generator was started and readings of the 
simultaneous neutron and gamma counts were taken for a given change 
in charge units as indicated hy the hean current integrator, while 
the proton energy, as indicated on the generating voltmeter, was 
held constant. This proceduro was repeated at desired proton ener- 
gies. S tandard operating procedure was to take readings as the 
voltage was increased and then to repeat those readings coming down 
in voltage to verify the data. Since the ability to read the gen- 
erating voltmeter was greater than its inherent accuracy, this manner 
of taking data was satisfactory. 

During all rune, the elapsed time vas noted, as veil as 
the absolute time. This was essential since the determination of 
the half life of obtained from the C^(p,n)N*^ and ( d,n)N^ 
reactions was desired. 

In general, a beam current of approximately five-sevenths 
of a microampere was maintained throughout all rune. 

Except when the tantalum and potassium targets were used, 
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tho reading* beyond threshold h^* '•t'^istical accuracy of ^ 1^. 
The counting rates with tantalum nnd potassium were very low and a 
statistical accuracy of £. 5.2 wns accepted. 

In all cases, detocting equipment wa9 placed in the hori- 
zontal plane of the target. The instrunent positions are given on 
the individual drawings. 
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CHAPTER IV 
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Thick Carbon Target 

The thick target was obtained from a piece of a rolled and 
pressed graphite rod, cue inch in diameter, machined to nine-sirteenths 
of an inch and cut into a disk three-eighths of an inch thick. The 
carbon vas inserted into a stationary target, using a piece of 10 ail 
tantalum sheeting as a backing. Ho adhesive was necessary because 
the thickness of the disk provided the reauired stability. The car- 
bon used was pure graphite to one pert in a million (Bu 50 ) • 

The plot of the neutron counts per microcoulomb for thi3 
thick target, Figure IV-1, showed a negligible background, undisturbed 
until the threshold of a reaction yielding neutrons occurred at a gen- 
erating voltmeter setting of 71 . 2 t with an excitation energy of approx- 
imately 3*26 Hev + 1$. Previous experimenters have shown that when 
ordinary carbon is bombarded with protons, is the isotope resnoiw 
sible for the neutron yield (Hox 40a,b). 

Using the equation for the determination of the Q value of a 

reaction. 




V _ 2<WiV 1 /g 



cos 0 ; (Ev 47 ) 



where 
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A/futron Counts ptr microcoulomb 



’ ^2 * ^3 



mass* number of target, comround, 

projectile, product, and roeidue 
nuclei respectively; 



E^, B , E, = kinetic energy of projectile, 

product, and residue nuclei re- 
spectively; 

and , lf H , M, = oxact masses of target, projec- 
tile, product, and residue nu- 
clei respectively; 



and knowing that at threshold, S 2 = 0 and 9 « 0°, the following sinpli- 
fication results; 




J 



Substituting the proper values from the experimental evidence of the 
C 13 (p,n)H 13 reaction. 



Q -3.01 Mev + lf>. 



This result was a satisfactory corroboration of the reaction 
Q, value of -2.987 Mev i 0.1^ calculated from the 3*236 Mev + 0.1$ 
threshold reported by Richards and Smith for the reaction (Ri 5 °) • 

Further verification that the neutrons actually resulted from 
the C 13 (p,n)N 13 reaction was obtained when the generating voltage of 
the Rockefeller Generator was returned to zero at the end of the run, 
and the activity of the thick target, as detected by a Geiger-Mueller 
Counter, was observed. The semi-log plot, Figure IV-2, gave a half-life 
of 12 + 2 minutes compared to the accepted K* -3 half-life of 9*93 + 0*03 
minutes (Wa 39 )* C* 3 (p,n)H* 3 is the sole reaction involving the thick 

target constituents which yields an activity with a half-life of this 
magnitude ,(Se 48 ) . 

The gamma ray curve, on the other hand, indicated a continuous 
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Activity “ count’s minute. 



rise in activity with proton energy, with no resonances cr other sig- 
nificant features. This gamma ray yield, Figure IV-3, can be attrib- 
uted to the C 12 (p,& JN 13 and C 13 (p,^ )lT lh reactions (Coc 3 h )„ (Ro 35) , 
(Bai 42) , and to the gamma ray background canoed by protons impinging 
upon portions of the generator, or upon the grease in the vacuum sys- 
tem which may hare boen collected on the various elite or have been de- 
posited on the target during the bombardment. The minimum stable oper- 
ating energy of 1 Mev prevented observation of the level for gamma ray 
emission occurring at a proton energy of 0.554 + 2 Mev (Fo 49). 

Tantalum Target 

A new, clean tantalum backing plate was used as a rotating 
target and the resulting neutron and gamma ray yields were obtained, 
to show that the effects obtained with the thick carbon target could 
not be attributed to the tantalum backing. 

The plot of the neutron counts, Figure IV-4, showed that a 
very low background rate was obtained, until a generating voltmeter 
sitting of approximately 71*5 vas reached, giving an excitation energy 
of 3.27 Mev + 1 $, Beyond this point the neutron counts increased mark- 
edly. 

The resultant activity was negligible compared to that ob- 
tained from the thick carbon target, as further substantiated by the 
fruitless attempts to measure K* 3 activity. Since the tantalum used 
was mill grade metal with a maximum of O.OjI carbon (Sp pO) , the rise 
in the exceedingly small tantalum background was attributed to the 
in the tantalum end to the effects of carbon from the grease in the 
vacuum system. 
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Gamma f?ay Counts p*r microcoulomb t J.l 



The cvrr* c r tha gaxmta ray counts, Figure IY-5» again w*.s, 

tmooth and of very negligible proportions, yieldiLg only information 
of a negative naturo, i.e., that there was no proton-gamma ray reac- 
tion from tantalum. These observations corroborate and extend the 
observations of Taschek and Henroendiuger , namely, thut no activity 
of any kind vas induced in tantalum with protons of energies up to 
the maximum ( 3.36 Kev) (Ta 48). 

Unenriched Potassium Cyanide Target 

A thin layer of potassium cyanide was evaporated in vacuo 
upon the tantalum backing of a rotating target. A very thin layer 
of gold was deposited atop the cyanide to prevent volitilization and 
resultant contamination of the 'Rockefeller Generator. 

The completed unenriched potassium cyanide target was placed 
upon the rotating target section of the generator and the appropriate 
readings were taken. 

The neutron count - proton, energy curve was smooth (Figure 
IV-6) , showing that the thin layers of ordinary potassium cyanide and 
gold had no appreciable neutron yield and exhibited no resonances. 

Attempts to ascertain th3 presence of E^ activity from the 
unenriched target were fruitless. 

The gamma ray curve, Figure IY-7, again was a smooth curvo 
being devoid of information concerning a possible proton-gamma. -ray 
reaction. 

To insure that the above results were oorrect, the experi- 
ment vas repeated at a later date using the same target, and the re- 
sults obtained duplicated the previous information and curves. In 

“24*, 
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/Neutron Coun'bs per micro cou/om b. 
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Gamma Ray Counts per micro coulomb. 



addition, n, «eccn^ target was In *b ’ * , fi’ p->r>nr> r a» v eforr>, 

which gave the some re cults da scribe'’ r>Vove. 

Richards end Smith hav^ recortad a lov neutron intensity from 
tha K^ i (p,n)Cn 1 reaction with a threshold of 1.25 + .06 Mev (Ri Ug) . 

The gamrea r~y background and the techninues used in this emeriment 
prevented verification ofRlehards’ data. 

Potassium Target 

A nev electrically heated ceramic ovon was placed within the 
target section of the generator. A email piece of potassium metal was 
put inside the oven and the target section was sealed and pumped down 
to vacuum. Heating the oven, using 7 volts AC for five minutes and 10 
volts AC for five minutes, resulted in a thin, but plainly visible, 
layer of potassium upon the tantalum backing. 

As shown by Figure IV-u, the neutron yield from the potassium 
could not be distinguished from background at low proton energies. The 
slight activity detected at higher energies exhibited the same thresh- 
old as those of the thick carbon and tantalum targets. Thus the iainute 
amount of C^ present was responsible for the yield obtained. Richards’ 
K^(p,n)Ca^ reaction was undetected (Hi US). 

The gamma ray curve, Figure IV-Sa, was of negligible propor- 
tions and the slight activity detected was attributed to the encroach- 
ment of the proton "beam upon the grease and the generator slits. 

Enriched Potassium Cyanide Target 

Having shovn that the tantalum backing, potassium, and the 
gold and nitrogen of potassium cyanide target could not cause the re- 
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action obtained from the thick pure carbon, potassium cyanide enriched 
with sixty-two per cent then was UGed. The rotating target vae 
prepared, with the final anti-volitilization layer of pure gold, using 
the technique which had been described in the section concerning the 
unenriched potassium cyan'.de target. 

As before, the target was placed upon the target section of 
the generator and readings wore taken. As shown by Figure IV-9, no- 
thing untoward occurred until the generating voltmoter reached 10.6, 
at which point the neutron yield rose immediately to a very sharp peak 
with an amplitude approximately two and a half times that of the back- 
ground. With an increased voltmeter setting, the neutron yield de- 
creased and then increased again to a peak at a voltmeter setting of 
82. A further increase of the proton energy resulted in a second dip. 
The voltage limitations of the machine at that time (March 1950) pre- 
cluded investigations beyond a voltmeter setting of Sty, equivalent to 
a proton energy of 3*86 Mev + 1$. 

The sharp rise at JO. 6 was the threshold of the C^(p,n)H^ 
reaction, forecast by the results of the thick carbon experiment. Ac- 
cording to Richards and Smith, the reaction threshold occurred at 
3.236 Mev + Vjo, which in turn gave a Q value of - 2.987 Mev * 1# (Ri 5 O) . 

The only calibration points for the Rockefeller Generator ob- 
tained, prior to March 1950* were the following: 

Reaction Threshold Energy Voltmeter 

Li 7 (p,n) Be 7 1.882 Mev (He ty9) tyO .5 

Li 7 (H**;n,Hj)Be 7 3 . 76 b Mev 82 

A voltmeter setting of JO. 8, using these two points and in- 
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tsrpolating, assuming linearity, was equivalent to ^® T + l$ t with 

a threshold Q value of -3.00 g Mev + 1 %. The resultant discrepancy was 
less than the one per cent accuracy of the generating voltmeter, and 
since ths threshold was sharp, the threshold value of 3*236 Mev for the 
C^.n)* 1 * reaction was accepted, giving another calibration point at 
a voltmeter setting of JO. 8. The linearity of the calibration curve, 
Pigure II-l, permitted extrapolation beyond the calibration points. 

Repeating the experiment some two months after the first ex- 
ploratory run (i.e., in May 1950)* it was found that the curve of neut- 
ron counts versus proton energy was reproducible, with the threshold 
again at J0.8 and with a peak again at 82. However, careful attention 
to the internal pressure in the generator had extended the limit of 
observations to a voltmeter setting of 86, equivalent to a proton en- 
ergy of 3*96 Mev + 1$. In this new region of investigation, the trough 
after the second peak was defined and then a sharp rise, as if to a 
third peak. The second peak occurring at a generating voltmeter set- 
ting of 82 (which coincided with the calibration point for 3«7^4 Mev i 

.. ill 

1>) was caused by the first level in the excited nucleus of H avail- 
able from the C 1 ^(p,n)ir L5 reaction. 

The accepted value of the masses of the resultant particles 
were used to find the energy state of (N^ + n) in relation to the 
ground state of A l.e. , 



S l 3 

n 



H 14 

A mass 



I3.OO988 amu 
I.OOS98 



14.01886 

14.00751 



(Cor 47) 

(Ev 48, Pg. 1-33) 
(Cor 47) 



0.01135 antu 
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Converted to energy rising the mas p- energy relntioncMp of 

931*1 K«v per atomic mass unit (Ev 4S, Pg. 1-30) , it vas found that 

(N 15 + n) had a value of 10.57 Mev above the K 14 ground level. 

. ilu* 

7 0 find the energy level of (II ) , the following relation- 
ship was used: 



E 



(]jl3 ♦ n) n = ^(N^)* 



The neutron energy, E^, was determined from McKibben' s formula where 



E * E, b — 

n 3 



MpH k T K, ♦ n 

- K + -=H — - oA, 

+ Mj 2 L 4 M 2 J 



(mc 46) 



where 







~ mass of incident, target, and residual 
nuclei; 



E 



1 



* 



E. 



= kinetic energy of incident and resulting 
particles respectively; 



Q, s, reaction Q, value; 

2 Ul4)* = 10,57 + 0,47 = 10,04 Mev - ^ 



which is in agreement with the value of 10. 05 Mev given by Hornyak and 

l4 

Lauritsen for the first energy level in H which could be excited by 
the C 15 (p,n) 1 ' 15 reaction (Ho 46). This sharp resonance at 3*764 Mev * 
1$ had a width at half resonance of 4$ * 20 Rev, corroborating the val- 
ue of 60 Key reported by Bailey et_ al. (Bai 42) . 

The limitations of the machine precluded proton energies ex- 
ceeding 3*96 Mev. As shown by the curve, Figure IV-9, the neutron 
yield was rising rapidly at this maximum attainable energy. Bennett 
et al . (Ben 4l) have shown that an excited level in a exists at 11.26 
Mev (Ho 4S) . Assuming that the activity at the width at half resonance 
of the second resonant peak was equal to that of the first resonant 
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peak with a vic'th for thir level of 55 + 20 Kev, and \islng Figure IV-9, 
It was found that the second resonance peak would occur at 86.25 with 






The assumption of 55 Kev level width was made using Bailey's values of 
the 60 Kev and 50 Kev for the adjacent levels for neutron emission from 



the enriched cyanide target indicated that the target thickness was 
<45+20 Kev. Attempts to maintain a constant bombardment of the 



could be detected from the thin target after the runs. 

The gamma ray yield, Figure IV-11, obtained from this target 
was a smooth curve rising continuously with proton energy, as was tho 
case with the thick carbon target, exhibiting no resonances or other 
significant features. Bennett et al. have reported resonances for gam- 



lervels at 11. 05 and 11.26 Mev (Ben 4l) . No such resonances were found 




the C^(d,n)N^ 3 reaction (Bai 42). 



The narrow half-width of the first peak obtained by use of 



target at these high energies were of no avail and no N^ 3 activity 



ma ray emission from the C^ ? (d,n)K^^ reaction 




from the C 13 (p,n)U 13 reaction. 
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CHAPTER V 



CORRECTIONS TO TR_i EJSPRRIiuCKTAL J)ATA 

The method of investigation our sued was to obtain a thresh- 
old measurement using the pure carbon target and, with that knowledge, 
to determine the background effect of the constituents used in the 
ordinary potassium cyanide target together with tho gold protective 
casing and tantalum backing, prior to using the enriched potassium 
cyanide target. 

The results of the latter investigations produced no vexa- 
tious or startling results, and it was not necessary to anply correc- 
tions to the neutron data obtained during the enriched potassium 
cyanide run. 

The same course of investigation was pursued and the same 
conclusion was reached in the case of the gamma ray yield. 

Background was troublesome for low intensity beams of 
< ^lampere giving slight indications of a background directly 
proportional to the elapsed time of the run. Attempts to evaluate 
the time function hy varying beam intensity for a given voltmeter 
setting were made. Removal of all radioactive sources, and leakage 
and non-linearity tests of the beam current integrator eliminated 
possible explanations of this phenomenon. 
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StottUBY 



Resonances for Neutron £t ission 

Tht data fron the thic!: carbon target choved that the neut- 
rons resulted from the 

C 1 3 + p ►(N li ) ► N 1 ^ + n + Q, 

reaction, since the O, value of -3. 01 Mer + 1 fa obtained corroborated 
the accepted value of -S.^P + 0.1$ { n.i 50) , and the half-life of tho 
resultant activity approached that of 9* c 3 * 0.03 minutes reported 
by Ward (Va 50) . 

A study of the neutron yield from plain tantalum verified 
and extended Saschek' s and Hemnendinger' s conclusion concerning the 
absence of activity from -croton induced reactions with protons of 
energies to a maximum of 3»9& Merr (Ta 40). However, there vas a def- 
inite indication of carbon contamination in the tantalum since tho 
C^(p,n)F^" threshold was detected by this reaction. 

Data obtained from ordinary potassium cyanide covered with 
a thin layer of gold indicated that no significant neutron emission 
occurred from the target. 

The plain potassium target failed to show the neutron act- 
ivity reported by Richards and Smith (Ri 50) • Carbon contamination 

again was evident. 
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Using enriched potassium cyanide (60-62$ ), appreciable 

neutron emission vn6 detected. Since tho possibility of such a yield 
from all constituents of the cyanide other than was eliminated, 
the neutron activity was attributed to the C^(p,n)N^ reaction. The 
threshold obtained, confirmed that found by Richards (Ri 50) • A. lev- 
el in (N^) at 11. 04 Mev + 1$ and a strong indication of a level at 
11.21 Mev + 3$ were found. 



TABLE VI-1 



Comparison of C^(p,n)B^ Data 
with the Literature 



Threshold Experimental 

K p 3-25 6 Mev + 1$ 

ft -3.00g Mev + 1$ 



Literature 



3.236 Mev + 0.1$ 

(Ri 

-2.987 Mev +0.1$ 



l4 * 

A comparison of the (N ) levels follows.* on the next page. 
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TAELL VI-2 



r l V 



Levels Above the Ground State 



Level Value 
Width 

Projectile Energy 

Level Value 
Width 

Projectile Energy Ep 



from C^(p,n)N^ 

11.04 Hev + 1 $ 

45 ♦ 20 Kev 

3.76 4 Mev + l£ E d 

11.21 Mev + 

3.96 5 ± 1* E d 



from C 1? (d,n)K 1 ^ 

II.05 Mev (Ho 48) 

60 Kev (Bai 42) 

0.92 Mev (Bon 40b) 

11.26 Mev (Ho 48) 
1.16 Mev (Bon 40b) 



There are definite indications that 
neutron emission at a deuteron energy of l.l6 
reaction reported by Bonnor e_t al. (Bon 40b) , 
by Bailey £t al. in 1948 (3ai 48) , does exist 



the resonance level for 
Mev from the C^(d,n >**3 
which was cast into doubt 
for the reaction, 



C 13 (p,n)N 13 . 



/ l4\* 

As shown by the above tables, the first two levels in (N ) 
are equally available to the C^3(p fQ )?A3 C* (d,n)H^ reactions. 
Thus the validity of the theoreticist 1 s hypothesis (Br 36). (Boh 36), 
(Bet 37)* (Bet 47), concerning the invariance of energy levels in a 
nuclide, regardless of the manner by which the nuclide is formed, pro- 
vided the nuclear selection rules are not violated, is verified for 

14 

these two levels in N 



Lifetimes of the 



(f*S* Levels 



An estimate nay be obtained of the time the compound nucleus 
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~I+<- 



(K 14 )’ 



exists prior to neutron emission, using the uncertainty rela- 



tionship, 



£ 2 At 
At 



h 

2TT 

1.04 x 10” ^ 

1.6 X 10- ^ AE(Mev) 



(»r 46, Pg. 1-117) 



giving 



A t 11>o4 ~ 1.5 x 10” 20 sec. 

An estimate of the lifetime of the (l^V state can he made 
from the relation, 



At' S % ; 



(Boh 36) 



1.5 x 10” 13 A 1 / 3 cm . 



where R is the nuclear radius of A 

3.6 x 10” ' cm., and ▼ Is the neutron velocity S J _ a cm/ sec., where 

» m 

n 

E is the neutron energy from McKibben' e formula (Me 46), i.e., 



A t 1 



11. o 4 



. 2 x 3.6 x lO”^ , r ,^-22 

J g = x 1° sec. 



9.5 x 10" 

The ratio of the lifetimes from the above calculations is 



E+l 



11.04 



<v 20 



This ratio is reasonable in view of the time required for energy ex- 
change within the compound nucleus, postulated by the Bohr theory of 
the compound nucleus (Bo 36) , although Bennett obtaining similar re- 
sults stated the possibility that the ratio might be attributed to a 
selection rule (Ben 4l) . 
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Ga<T7ia Yields 



The uninteresting results obtained by use of the Geiger- 
Mueller detector indicated an absence of resonance phenomena, although 
previous experiments (Bon 40a,b) , (Ben Hi), (Hi 48), (Va 49), etc., 
had found definite indications of (7*'‘"(p, If )N*^ and C^(p,tf )N^ renc- 
tions. A more efficient counter and a iaore careful evaluation of the 
background existing in the generator target room is necessary prior to 
repeating the above experiments. On the basis of the results obtained, 

/ l4\* 

one could not state as to the possible existence of levels in (N ) 
from the C^(p,$T )N*^ reaction over the energy range studied. 

Suggestions for Further Vork 

In the near future, It is expected that the maximum avail- 
able proton energies will be extended appreciably beyond 4 Kev. It 
would be informative to continue the investigation of the C^(p,n)N^ 
reaction to higher energies, verifying the exact energy location of 
the second resonance and of any higher resonances. A comparison of 
the levels of (H^) with those found for the c 12 (d,n)ir L 3 reaction 
would be of great interest. 

With increased stability of operation at these higher pro- 
ton energies, longer target bombardments would become practical, en- 
abling a precise determination to be made of the activity beyond 

each level. 

A more careful investigation of the gamma ray yields from 
the various targets would he of interest in order to confirm the 
C^3(p,^)H^ reaction most recently reported by Fowler and Lauritsen 
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(Fo 1*9) . Kcroover, any gamma ray resonance levels obtained could be 
compared with the levels for neutron emission yielding information 
concerning selection rules, etc., invoked by the respective processes. 
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APPENDIX I 



ELECTRONIC CIRCUIT DIAGRAMS 



A— 1. Counter Preamplifier Circuit Diagram 

JU2. Scintillation Counter Preamplifier Circuit Diagram 
A-3. Past Pulse Amplifier Circuit Diagram 
Coincidence Circuit Diagram 

A-3* Block Diagram of the Complete Coincidence Counting System 
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FIG. A- 1 BF 3 COUNTER PREAMPLIFIER 




FIG /\-2 SC\NT\U_AT\ON COUNTER PREAW)PUF\ER 
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FIG. A-4- COINCIDENCE CIRCUIT 




Fig. A-5. 31ock diapram of the complete coincidence 
counting system. 
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(All 1*8) 
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(Bet 37 ) 
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(Bla 49) 

(210 46a) 
(Bio 46b) 
(Boh 36) 
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(Bon 40b) 
(Bon 49) 
(Br 36 ) 
(Bn 50) 
(Coc 34) 
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